(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
19 April 2001 (19.04.2001) 




PCT 



(10) International Publication Number 

WO 01/28125 Al 



(51) International Patent Classification 7 : 
H03G 3/30 



H04B 7/005, 



(21) International Application Number; PCT/ILOO/00640 

(22) International Filing Date: 1 1 October 2000 (11.10.2000) 

(25) Filing Language: English 

(26) Publication Language: English 



(3ft) Priority Data: 

09/417,077 



13 October 1999 (13.10.1999) US 



(71) Applicant (for all designated States except US): D.SJ*C. 
TECHNOLOGIES LTD. [HjILI; Ben Gurion Street 11, 
51905 Givat Shmuel (IL). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): FRYDMAN, Javier 
[H-/DL1; Lev Hasharon Street 43, 42823 Tzoran (IL). 
SCHWARTZ, Erez [IL/IL]; Nana! Kane Street 3, 44245 
Kfar Saba (EL). 



(74) Agent: SINAI, Henry; Eitan, Pearl, Latzer & Cohen- 
Zedek, Gav Yam Center 2, Shenkar Street 7, 46725 Her- 
zlia (LL). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ,' 
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ. LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR. TT. TZ. UA UG. US. UZ. VN. YU. ZA. ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU ? TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, PR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, 
O, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

[Continued on next page] 



= (54) Title: CONTROL OF TRANSMISSION POWER IN A COMMUNICATION SYSTEM 



-o 



302 



AMPLIFIED 
TRANSMISSION 
RF SIGNAL 



£1 



312 • 



ftp AMPLIFIER 



TXAGC 



TX SIGNAL 



TX POWER CONTROL 



ADC READ REQUEST 



00 




DIGITAL 
MEASURED 
TRANSMISSION 



PROCESSING 
UNFT 



PROCESSOR 



POWER 

300 

(57) Abstract: A system for controlling transmission power of a transmitter in a pseudo-random gated output power digital com- 
munication system includes a power measurement unit for producing a transmission power measurement only when transmission is 
enabled, and a processing unit for comparing the transmission power measurement to a desired power and for determining a power 
setting of the transmitter. A method for controlling the transmission power of a transmitter in a pseudo-random gated output power 
digital communication system includes the steps of comparing a measured transmitted power at an antenna to a desired power only 
when transmission is enabled, and adjusting a power setting of the transmitter according to the difference between the measured 
transmitted power and the desired power. 
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CONTROL OF TRANSMISSION POWER IN A COMMUNICATION SYSTEM 

The present invention relates to digital communication systems, in 
5 general, and to controlling the transmission power of such systems, in particular. 

BACKGROUND OF THE INVENTION 

Batteries are used for powering digital communication transmitters in 
mobile stations such as cellular handsets. It is desirable to reduce the power 
consumption of the mobile station as much as possible in order to enable the use 

10 of lighter batteries. 

When transmitting a signal, the power of the transmitted radio frequency 
(RF) signal ("transmission power) must be within a range defined by the digital 
communications standard and selected by the base station. Reference is now 
made to Figs. 1A and 1B, which are schematic illustrations of prior art 

15 transmission power levels. The permissible transmission power varies between 
the values of MAX_POWER and MIN_POWER, thereby defining a range R. An 
error range E expresses the possible discrepancy between the desired 
transmission power and the actual transmission power at the antenna. Many 
factors affect the size of this error range E. For example, the inherent inaccuracy 

20 of the RF amplifier that converts and amplifies the digital transmission signal has 
an inherent inaccuracy due to temperature fluctuations, instability of its power 
supply and frequency response flatness. An additional factor is the lack of 
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impedance matching between the antenna and the RF amplifier. Typically, the 
error range E can be as large as 3 dB. 

Fig. 1A shows an attempt to set the desired transmission power too low. 
Since the error range E is large, the actual transmission power at the antenna 
5 may be less than the limit MIN_POWER. This is unacceptable. 

As shown in Fig. 1B, in order not to exceed the limits MANPOWER and 
MIN_POWER of the range R, conventional prior art transmission systems set the 
desired transmission power setting to the mean power of the range, 
MEAN_POWER. Clearly, transmission at the mean power of the range R 
10 consumes more power than transmission at powers in the lower half of the range 
R. It would be beneficial to create a system and method for transmitting at a 
power which is within the range R and yet is lower than the mean power, 
MEAN_POWER. 

The following patents and patent applications describe a variety of 
15 devices and methods for controlling or monitoring the transmission power in a 
communication system. 

US Patent 5,832,373 to Nakanishi et aL discloses a digital power control 
device in a time division multiple access (TDMA) system. The device measures 
the actual transmitted power at the antenna and with a digital feedback loop, 
20 adjusts the gain of the RF amplifier. The digital feedback loop is synchronized 
with predetermined transmission bursts. US Patent 5,752,172 to Matero 
discloses an analog loop with a comparator for maintaining a given level of power 
in a transmitted signal, based on measurement of the actual transmitted power at 
the antenna. 
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US Patent 5,323,239 to Keane discloses a digitally-assisted 
power-leveling circuit for an RF power generator. US Patent 5,574,991 to Miyarha 
et al. discloses a transmission power control circuit US Patent 5,564,084 to 
Hirasawa discloses a transmission power level monitoring apparatus employed in 
5 a TDMA (time division multiple access) communication system. 

US Patent 5,287,555 to Wilson et al. discloses power control circuitry for 
a TDMA radio frequency transmitter. US Patent 5,564,086 to Cygan et al. 
discloses a method and apparatus for enhancing an operating characteristic of a 
radio transmitter. EP 0416 613 A2 to Toda, assigned to Fujitsu, discloses a 
10 transmission power control circuit. EP 0462 952 A1 to Larsspn et al., assigned to 
Ericsson, discloses a method for regulating power in a digital mobile telephony 
system. 

There are several advanced digital communication systems using 
pseudo-random or random gated output power ("pseudo-random bursts"), for 

15 example, IS-95, wideband code division multiple access (W-CDMA), CDMA2000, 
both frequency division duplex (FDD) and time division duplex (TDD) modes. 
None of the above-mentioned references is capable of controlling the power of 
the transmitted RF signal in such systems. It will be appreciated that in such a 
system, not only is the timing of the transmission random, but the strength of the 

20 transmission cannot be anticipated. 



3 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully from 
the following detailed description taken in conjunction with the appended drawings 
5 in which: 

Figs. 1A and 1B are schematic illustrations of prior art transmission power 

| levels; 

■1 

I Fig. 2 is a schematic illustration of the transmission power levels, in 



j; accordance with a preferred embodiment of the present invention; 

|; io Fig. 3 is a simplified block diagram illustration of a system for controlling 

S 

| transmission power, in accordance with a preferred embodiment of the present 

'£• ' 
I invention; and 

I 

| Fig. 4 is a schematic flowchart illustration of a method for controlling 

I • • ■ 

transmission power using the system of Fig. 3, in accordance with a preferred 

I • • 

15 embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PRESENT INVENTION 

Embodiments of the present invention provide a system and method for 
controlling the power of a transmitted radio frequency (RF) signal in a 
pseudo-random, gated output power communication system. In the specification 
5 and claims, the meaning of the term M pseudo-random n is extended to include also 
the term "random". 

Reference is now made to Fig. 2, which is a schematic illustration of the 
transmission power levels, in accordance with a preferred embodiment of the 
present invention. The system of the present invention has a smaller error range 

io E ; than the error range E of Figs. 1A and 1B. Since the error range has been 
reduced, the desired transmission power can be set to a level that is lower than 
the mean power MEAN_POWER of the range, while ensuring that the limits 
MAX_POWER and MIN_POWER are not exceeded. 

Reference is now made to Fig. 3, which is a simplified block diagram 

15 illustration of a system for controlling transmission power, generally referenced 
300, in accordance with a preferred embodiment of the present invention. The 
system 300 comprises an antenna 302, a power measurement unit 301, a radio 
frequency (RF) amplifier 308 and a processing unit 312. The power 
measurement unit 301 comprises a power sensor 304, an analog to digital 

20 oonverter (ADC) 306 and a control logic unit 310. 

The power sensor 304 measures the power of the transmitted signal at 
the antenna 302 and provides the analog measured transmission power to the 
ADC 306. When enabled, the ADC 306 converts the analog measured 
transmission power to a digital measured transmission power. The processing 

5 
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unit 312 provides a transmission signal TX SIGNAL and a transmission automatic 
gain control (AGC) signal TX AGC to the RF amplifier 308. The processing unit 
312 also provides a transmission power control signal TX POWER CONTROL to 
the RF amplifier 308 and to the control logic unit 310. In addition, the processing 

5 unit 312 provides an ADC read request signal ADC READ REQUEST to the 
control logic unit 310. 

The transmission signal TX SIGNAL is a continuous stream of data that 
contains the information to be transmitted. The transmission power control signal 
TX POWER CONTROL controls when the RF amplifier 308 transmits the 

io transmission signal TX SIGNAL. In a particular implementation of a system using 
burst transmission, for example, a high transmission power control signal causes 
the RF amplifier 308 to transmit the transmission signal, while a low transmission 
power control signal causes the RF amplifier 308 to block transmission of the 
transmission signal. In a pseudo-random gated output power system, the 

15 transmission power control signal changes its value with pseudo-random timing. 
The RF amplifier 308 amplifies the transmission signal TX SIGNAL by a factor 
("gain") defined in the transmission AGC signal TXAGC. 

The control logic unit 310 synchronizes the operation of the ADC 306 with 
the transmission power control signal TX POWER CONTROL. The ADC 306 also 

20 takes into account the time constant of the power sensor 304, because the power 
sensor 304 has converged to its final value by the time the ADC 306 samples the 
value. Therefore, the conversion of the measured transmission power is 
performed only when the transmission is enabled through the transmission power 
control signal TX POWER CONTROL and the power level of the power sensor 
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304 is stable. Since the conversion of the measured transmission power is 
synchronized with the transmission power control signal TX POWER CONTROL, 
the system 300 is suitable for use even with pseudo-random bursts or power 
changes. 

The control logic unit 310 performs logical operations to determine the 
correct moment when the ADC 306 should be enabled. For example, a simple 
AND gate could be implemented. The contro! logic unit 310 can also look for 
different conditions, for example measuring power leakage and detecting 
malfunctions, when the transmission power signal TX POWER CONTROL is off. 

According to another preferred embodiment of the present invention, the 
control logic unit 310 synchronizes the operation of the ADC 306 both with the 
transmission power control signal TX POWER CONTROL and with the ADC read 
request signal ADC READ REQUEST. The ADC 306 also takes into account the 
time constant of the power sensor 304. In this embodiment, the conversion of the 
measured transmission power is performed only when the transmission is 
enabled through the transmission power control signal TX POWER CONTROL 
an ADC read request is pending and the power level of the power sensor 304 is 
stable. 

It will be appreciated that the system 300 is a closed loop system having 
a feedback loop with the ADC 306. The processing unit 312 sets the transmission 
AGC signal TX AGC according to the digital measured transmission power in 
order to produce the desired transmission power at the antenna 302. The 
accuracy of the feedback loop is based upon the inherent accuracy of the power 
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sensor 304, which is typically around 0.2 *dB over the entire RF frequency range 
and 0.2 dB over the temperature range -30°C - 85°C. 

Reference is made additionally to Fig. 4, which is a schematic flowchart 
illustration of a method for controlling transmission power using the system of Fig. 
5 3, in accordance with a preferred embodiment of the present invention. The 

i 

l processing unit 312 sets the gain of the RF amplifier 308 via the AGC signal TX 

| AGC (step 400). If the transmission power control signal TX POWER CONTROL 

i 

enables transmission (step 402), then the RF amplifier 308 amplifies the 

I 

transmission signal TX SIGNAL and transmits the RF signal via the antenna 302 
io (step 404). The power sensor 304 measures the power of the transmitted RF 

I signal at the antenna 302 (step 406). If the transmission power control signal TX 

i - . 

| POWER CONTROL enables transmission, if there is an ADC read request 
pending, and if the power sensor 304 is stable (step 408), then the ADC 306 

| converts the measured transmission power to a digital value and provides it to the 

j is processing unit 312 (step 410). The processing unit 312 uses the digital 

I measured transmission power to determine a new desired gain of the RF amplifier 



308 (step 412), and then the method returns to step 400. 

The ADC read requests are issued by the processing unit 312 according 
to various factors. For example, the ADC read requests might be more frequent 
20 as the temperature rises. In another example, the ADC requests may be more 
frequent at transmission frequencies where the RF amplifier 308 is known to be 
less accurate. In a preferred embodiment of the present invention, the processing 
unit 312 comprises a processor 314, for example, but not limited to, a digital 
signal processor (DSP), which determines when to issue the ADC read requests. 
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The processing unit 312 can be self-learning, so that ADC read requests are 
issued based on properties characterizing cases where measured transmitted 
power varies from the set transmitted power by more than a predetermined 
tolerance. Furthermore, using the processor 314, the processing unit 312 can 

5 save values of the transmission AGC signal TX AGC along with scenario data 
related to the measured transmitted power and the transmitted power that was 
set. Then, when the processing unit 312 identifies a particular scenario, it can 
adjust the transmission AGC signal TXAGC according to the saved values. 

The methods and apparatus disclosed herein have been described 

10 without reference to specific hardware or software. Rather, the methods and 
apparatus have been described in a manner sufficient to enable persons of 
ordinary skill in the art to readily adapt commercially available hardware and 
software as may be needed to reduce any of the embodiments of the present 
invention to practice without undue experimentation and using conventional 

is techniques. 

It will be appreciated by persons skilled in the art that the present 
invention is not limited by what has been particularly shown and described herein 
above. Rather the scope of the invention is defined by the claims that follow. 



9 
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What is claimed is: 

1. A method comprising: 

comparing a measured transmitted power at an antenna to a desired 
power only when transmission is enabled; and 
5 adjusting a power setting of a transmitter.according to the difference 

between said measured transmitted power and said desired power. 

2. A method according to claim 1 , wherein said desired power is set lower than 
the mean power of an allowed range of transmission powers. 

3. A method according to claim 1, wherein said comparing is performed only 
io when said transmitter issues a read request 

4. A method according to claim 3, wherein said transmitter issues said read 
request according to previous measurements of transmitted power and factors 
characterizing said transmitter when said previous measurements were made. 

5. A system comprising: 

15 a power measurement unit adapted to produce a transmission power 

measurement only when transmission is enabled; and 

a processing unit adapted to compare said transmission power 
measurement to a desired power and adapted to determine a power 
setting of a transmitter. 
20 6. A system according to claim 5, wherein said desired power is set lower than 
the mean power of an allowed range of transmission powers. 
7. A system according to claim 5, wherein said transmitter has an antenna, and 
said power measurement unit comprises: 



io 
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a power sensor adapted to measure transmission power at said 
antenna, thereby producing an analog measurement; 

an analog to digital converter adapted to convert said analog 
measurement to said transmission power measurement; and 
5 a control logic unit adapted to enable operation of said analog to 

digital converter only when transmission is enabled. 

8. A system according to claim 7, wherein said processing unit comprises a 
processor adapted to issue a read request, and wherein said control logic unit is 
adapted to enable operation of said analog to digital converter only when said 

10 processor issues said read request. 

9. A system according to claim 8, wherein said processor issues said read 
request according to previous measurements of transmitted power and factors 
characterizing said transmitter when said previous measurements were made. 
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